► The multivariate index assay (MVA) was evaluated in an intended-use population of non-gynecologic oncology practices. ► The MVA demonstrated high sensitivity and NPV for ovarian malignancy. ► The MVA correctly identified 83.3% malignancies missed by clinical impression and 70.8% cases missed by CA125-II. Objective. To validate the effectiveness of a multivariate index assay in identifying ovarian malignancy compared to clinical assessment and CA125-II, among women undergoing surgery for an adnexal mass after enrollment by non-gynecologic oncology providers.
identifying benign disease. The multivariate index assay correctly predicted benign pathology in 204 patients (50.7%, 95%CI = 45.9-55.6) when combined with clinical impression.
Conclusion. The multivariate index assay demonstrated higher sensitivity and negative predictive value for ovarian malignancy compared to clinical impression and CA125-II in an intended-use population of non-gynecologic oncology practices.
© 2012 Elsevier Inc. All rights reserved.
Background
The American Cancer Society has estimated that 22,280 new cases of ovarian cancer will be diagnosed in the United States in 2012 [1] . With an estimated 15,500 women dying from disease in 2012, ovarian cancer accounts for more deaths than all other gynecologic cancers combined [1] . Despite clinical data supporting referral of all women with suspected ovarian cancer to a gynecologic oncologist, the proportion of ovarian cancer patients operated on by a gynecologic oncologist is less than 50% [2] [3] [4] [5] [6] [7] [8] [9] [10] . A major impediment to appropriate referral patterns is the challenge of identifying which subgroup of women with an adnexal mass is most likely to have ovarian cancer [10, 11] . Particularly challenging subgroups are those with early-stage disease, where 50% of patients will have a normal CA125, and premenopausal women, where the prevalence of ovarian cancer is low.
Although numerous prediction models and referral guidelines have been tested in the preoperative evaluation of the adnexal mass, no single method has received widespread acceptance [12] [13] [14] . Recently, novel biomarker testing decision algorithms have been developed to aid in the preoperative evaluation process. These triage tools are not screening tests, which are designed to detect disease in asymptomatic patients. The multivariate index assay (OVA1®) is a multiple biomarker test that was cleared for use in clinical practice by the FDA in 2009 based on a high sensitivity and negative predictive value for identifying ovarian malignancy [15] . However, the pivotal trial reported by Ueland et al. in 2011 contained a mix of subjects that were enrolled by both gynecologists and gynecologic oncologists, with an associated prevalence of ovarian malignancy of 29%. Since the intended use of OVA1 is as a diagnostic triage aid in determining the need for gynecologic oncology referral, the objective of the current study was to validate the effectiveness of OVA1 in identifying ovarian malignancy, compared to clinical assessment and serum CA125-II, in a unique and prospectively acquired cohort of women undergoing surgery for an adnexal mass after enrollment by non-gynecologic oncology providers, independent of the original dataset reported by Ueland et al.
Methods
Consecutive patients who met inclusion criteria were prospectively enrolled at 27 sites throughout the United States, with Institutional Review Board approval from each site. All clinicians initially enrolling patients were from non-gynecologic oncology specialty practices, although patients may ultimately have had consultation with or undergone surgery by a gynecologic oncologist. Inclusion criteria were: females age ≥18 years, signed informed consent and agreeable to phlebotomy, documented pelvic mass planned for surgical intervention within 3 months of imaging. A pelvic mass was confirmed by imaging (computed tomography, ultrasonography, or magnetic resonance imaging) prior to enrollment. Exclusion criteria included a diagnosis of malignancy in the previous 5 years (except of non-melanoma skin cancers) or enrollment by a gynecologic oncologist. Menopause was defined as the absence of menses for ≥12 months, or age ≥50. Demographic and clinic-pathologic information were collected on case report forms.
A preoperative blood sample (≤80 ml) was processed and serum frozen at the collection site. Biomarker measurements were performed according to the OVA1 Instructions for Use at the Division of Clinical Chemistry, Department of Pathology, Johns Hopkins Medical Institutions. OVA1 is a multivariate biomarker assay that incorporates CA125-II, transferrin, transthyretin (prealbumin), apolipoprotein A1, and beta-2-microglobulin. The individual biomarker results were then transformed by the OvaCalc™ software using a proprietary multivariate algorithm, to generate an ovarian malignancy risk score as described previously [15] . The numeric result ranged from 0.0 to 10.0, and patient risk of malignancy was stratified using a cutoff specific to menopausal status:
• Premenopausal Low probability of malignancy (OVA1 b 5.0). High probability of malignancy (OVA1 ≥ 5.0).
• Postmenopausal Low probability of malignancy (OVA1 b 4.4). High probability of malignancy (OVA1 ≥ 4.4).
For CA 125-II measurement, the same biomarker value entered into the OvaCalc software was used for individual analysis, and compared with clinical cutoff values in accordance with published American College of Obstetricians and Gynecologists (ACOG) referral criteria ≥200 units/ml for premenopausal women or more than 35 units/ml for postmenopausal women [13] . The effect of substituting the modified ACOG criteria for premenopausal women ≥67 units/ml was also evaluated [16] .
Clinicians were required to document the results of physical examination, family history, imaging, laboratory tests (including CA125, when available, but not OVA1), and formal pre-surgical prediction of malignancy. In cases where the formal prediction was done by a clinician other than the enrolling physician, the referral history and the specialty of the clinician who made the prediction were recorded, as was the specialty of the surgeon who ultimately operated on each patient. In order to reflect their routine clinical judgment and referral behavior, physicians were not asked to either follow any specific prediction algorithm or justify their prediction. Postoperative pathology diagnosis was recorded at each enrolling site and independently reviewed.
Case report forms, biomarker values and OVA1 scores were sent to Applied Clinical Intelligence for statistical analysis. Results were statistically stratified based on menopausal status, stage of malignancy, and surgical pathology. Clinical diagnostic performance criteria (sensitivity, specificity, positive predictive value, negative predictive value and likelihood ratios) were calculated for OVA1, CA125, and clinical impression alone or in combination with OVA1. The OVA1 Instructions for Use indicate that referral should use a Boolean "OR" between physician assessment and OVA1 risk stratification, so that either criterion will trigger patient evaluation by a gynecologic oncologist. Accordingly, the performance of combined OVA1 use with physician assessment was simulated by an "OR" function and the resulting combined diagnostic predictions were used for concordance analyses and ROC curve analysis. For example, if either clinical impression or OVA1 predicted malignancy, the result for OVA1 combined with clinical impression was a prediction of high probability of malignancy. Sensitivity, specificity, positive predictive value, negative predictive value, and likelihood ratios were calculated to estimate the performance of OVA1, CA125, clinical impression, and OVA1 with clinical impression. Concordances between OVA1 results of high or low probability of malignancy and CA125 sensitivity by pathological diagnosis, stage of disease, and menopausal status were assessed using McNemar's test. Ninety-five percent confidence intervals were constructed where appropriate, and those for the area under the receiver operating characteristic curve were calculated using a bootstrap procedure. Statistical analysis was performed with SAS 9.2 (SAS Institute Inc).
Results

Demographic characteristics
From August, 2010 to December, 2011 a total of 520 subjects were enrolled, of which 494 were evaluable for OVA1 and CA125-II, and clinical impression. Subjects were excluded from the final analysis for the following reasons: failed exclusion criteria (imaging outside of window prior to inclusion, surgery beyond 12 weeks, previous cancer b5 years, n=12), primary contact gynecologic oncologist contact (n=6), and no ovarian pathology (n=8). The clinical characteristics of the subject population are shown in Table 1 . All 494 subjects had a non-gynecologic oncologist as their primary contact (obstetrician/gynecologists, n =339; family practice physicians, nurse practitioners, emergency department physicians, or medical oncologists, n=155). The specialty of physicians making the clinical assessment was a non-gynecologic oncologist in 253 patients and a gynecologic oncologist in 241 patients. Overall, 402 patients (81.4%) had benign pathology, 92 patients (18.6%) had a pelvic malignancy. There were 65 primary ovarian cancers, with 53.8% of these patients having Stage I/II disease.
OVA1 performance
Receiver operating characteristic (ROC) curves for OVA1 combined with clinical impression are shown in A comparison of performance in predicting ovarian malignancy for clinical impression, OVA1, OVA1 plus clinical impression, and CA125-II is shown in Table 2 . Clinical impression and the two pre-menopausal CA125 cutoff values had comparatively low sensitivity (b80%). In contrast, OVA1 demonstrated a sensitivity of 95.7% when combined with clinical impression. OVA1 demonstrated superior performance in predicting the absence of an ovarian malignancy, with a negative predictive value (NPV) of 98.1% when combined with clinical impression and 96.8% as an independent risk stratification tool. OVA1 correctly identified 83.3% (20/24) malignancies missed by clinical impression and 70.8% (17/24) cases missed by CA125-II. Both clinical impression and CA125-II were more accurate than OVA1 in correctly identifying benign disease. The individual OVA1® score distributions stratified by menopausal status and pathologic diagnosis are shown in Fig. 2 .
The comparative sensitivity for OVA1 and CA125-II for detecting malignancy, stratified according to histology, FIGO stage of disease, and menopausal status, is shown in Table 3 . As a risk-stratification test, OVA1 had a higher sensitivity for detecting ovarian cancer than CA125-II at both pre-menopausal high-risk cutoff values. Using the specified OVA1 threshold values, the overall sensitivity of a positive OVA1 test result was 95.0% for epithelial ovarian cancer, 82.4% for ovarian tumors of low malignant potential, and 80.0% for nonepithelial ovarian cancer. This relationship was also observed across FIGO stage of disease and menopausal status. Notably, among the 277 pre-menopausal patients, CA125-II correctly identified just 45.5% (> 200U/ml) and 72.7% (> 67U/ml) of Stage I/II ovarian malignancies. In contrast, the sensitivity of OVA1 for detecting ovarian malignancy in this same diagnostically challenging patient subset was 90.9%.
Discussion
The Society of Surgical Oncology provides guidelines for ovarian cancer surgery: "Surgeons undertaking operations for possible ovarian cancer should have both the necessary technical expertise and a thorough understanding of the management of the disease itself… and is best carried out in centers in which an experienced and coordinated multidisciplinary team is available" [17] . It has been extensively documented that initial surgery by a gynecologic oncologist is associated with a higher likelihood of complete staging, optimal cytoreductive surgery, and superior overall survival [2, 4, 5, [18] [19] [20] [21] . Unfortunately, contemporary population-based studies have shown that the proportion of women with ovarian cancer that undergo surgery by these subspecialty surgeons is less than 50% [2, [7] [8] [9] [10] . Clearly, the accurate triage of women with an adnexal mass remains a clinical challenge for obstetrician/ gynecologists and other providers of women's healthcare. Ideally, all women with ovarian cancer would undergo surgery by a gynecologic oncologist. Two systematic approaches to the organization of care could accomplish this optimized healthcare delivery policy: 1) universal referral of all patients with an adnexal mass to a gynecologic oncologist or 2) selective referral based on a diagnostic triage strategy with high sensitivity for ovarian cancer [22, 23] . While the universal referral strategy has been successfully implemented in single-payer healthcare systems, the complexity of the current multi-tiered healthcare coverage and reimbursement system in the United States makes adoption of such a model impractical [3] . Geography is also an impediment to universal gynecologic oncology referral for patients with suspected ovarian cancer. Data from the Center for Disease Control and Prevention indicate that almost half of the incident ovarian cancer cases in the United States occur in a county without a gynecologic oncologist [24] . As a result, selective referral to specialty providers is necessary but requires striking a balance between the negative consequences of inappropriate under-referral and unnecessary over-referral.
Multiple decision-support algorithms are available to assist in the triage of women with an adnexal mass; however, none has received widespread acceptance [12] . The ACOG and Society of Gynecologic Oncology guidelines for the referral of women with a pelvic mass function well for detecting advanced-stage ovarian cancer but perform poorly in identifying patients with early-stage disease [13, 14, 16, 25] . The Risk of Malignancy Index (RMI) is a risk stratification tool incorporating menopausal status, ultrasound findings, and CA125 but has a sensitivity of less than 80% [12, 26] . Both the ACOG/SGO guidelines and the RMI are highly dependent on the CA125 level, although CA125 is not indicated for ovarian cancer preoperative assessment, has low sensitivity for early-stage ovarian cancer, and suffers from low specificity due to non-specific expression by other epithelial tissues [12, 27] .
As a result of the limitations of the above methods, novel serum biomarkers have been combined into multi-marker testing decision algorithms in attempts to improve the preoperative evaluation women with an adnexal mass and facilitate appropriate triage. The Risk of Ovarian Malignancy Algorithm (ROMA), which incorporates HE4, CA125, and menopausal status into a logistic regression model, has demonstrated sensitivity for ovarian malignancy in pre-menopausal women of 53.3-72.7% and a specificity of 74.2-87.9% [28] [29] [30] . In postmenopausal women, the reported sensitivity has been 82.5-90.8%, with specificity ranging from 66.3%-84.6% [28] [29] [30] . In 2011, Ueland et al published the pivotal trial for OVA1, which included 524 patients and demonstrated sensitivity for ovarian malignancy of 95.7% and negative predictive value of 95% when combined with clinical impression [15] . In this study, 47% of patients were enrolled by gynecologic oncologists, and the overall prevalence of ovarian malignancy was 29%. The current study was initiated with the intended use of OVA1 in mind, namely as a diagnostic triage aid to determine the need for gynecologic oncology referral. The objective was to validate the effectiveness of OVA1 in identifying ovarian malignancy, compared to clinical assessment and serum CA125-II, among women undergoing surgery for an adnexal mass after initial enrollment from non-gynecologic oncology providers.
In the intended-use population of the current dataset, OVA1 was more sensitive in detecting ovarian malignancy than clinical impression and CA125-II. When combined with clinical impression, the sensitivity for OVA1 (95.7%) was virtually identical to that observed by Ueland et al., validating its usefulness as a preoperative cancer referral test [15] . OVA1 had higher sensitivity than CA125-II in the especially challenging subsets of pre-menopausal patients (93.5%) and those with early-stage disease (91.4%). OVA1 correctly identified 83% of malignancies missed by clinical impression and 71% malignancies missed by CA125-II. As expected, the high sensitivity requirement for OVA1 as a cancer referral test was necessarily associated with a lower specificity and positive predictive value relative to clinical impression alone and CA125-II level. When combined with clinical impression, OVA1 correctly identified 204/402 patients with benign pathology, for a specificity of 50.7%.
Conversely, a low-risk OVA1 test result correctly predicted the absence of malignancy in 204/208 cases, translating into a negative predictive value of 98.1%.
The primary strength of the current study is that it is a large, prospective, multi-institutional patient cohort representing the intended-use population for the biomarker panel under investigation. In addition, biomarker testing was independently performed and validated, and all ovarian tumor types were included in the statistical analysis of test performance.
A potential limitation of the current study is that inclusion criteria required that all subjects were to undergo a planned surgery for an adnexal mass. As such, the prevalence of pelvic malignancy (18.6%) is higher than would be expected in a population of patients for whom surgery is not planned. An inverse relationship between positive predictive value (decrease) and negative predictive value (increase) would be expected in a patient population with a lower prevalence if cancer. In the current dataset, the prevalence of malignancy was lower in the pre-menopausal patient subset (11.2%) compared to the postmenopausal group (28.1%) although the sensitivity of OVA1 was similar in both groups, demonstrating consistency of performance despite varying cancer incidence.
A second potential limitation of the current study is an inability to interrogate the process of physician assessment in reaching the clinical impression. Physician assessment is a confounding variable in the adnexal mass clinical management algorithm because the contributing factors are unknown. Although OVA1 is FDA-cleared for use with clinical impression, the independent performance of the test yields a risk stratification score that can be reliably controlled and offers a more standardized practice algorithm than clinical impression, which varies between studies and from clinician to clinician. As a risk stratification test, OVA1 detected 92.4% of all ovarian malignancies, 91.4% (32/35) of early-stage cancers, and 93.5% (29/31) of malignancies in pre-menopausal patients. In a classic "needle-in-a-haystack" scenario, OVA1 correctly identified 10/11 (90.9%) Stage I/II cancers among the group of 277 pre-menopausal patients while maintaining a specificity of 61.4% in the current dataset (Table 4 ). The current data combined with the report from Ueland et al. represent over 1000 prospectively studied patients and demonstrate highly reproducible performance as a "first-time-right" ovarian cancer surgery referral test overall, by menopausal status, and by stage of disease (Table 4 ) [15] . Combining the results of these two independent and prospectively conducted studies, OVA1 correctly identified 78/84 patients (92.8%) with Stage I/II disease as an independent risk stratification tool. Finally, the current study was not designed to address the impact on referral patterns of the lower level of specificity with OVA1, which could lead to referral of a higher proportion of patients with non-malignant tumors and has been raised as a possible concern by general obstetrician/gynecologists. When OVA1 was combined with clinical impression, the overall specificity was 50.7%, improved from 34.6% in the Ueland study. Considering the high sensitivity and negative predictive value, utilization of OVA1 as a risk stratification instrument would be associated with retention of over 50% of patients with benign adnexal masses, ensure that more than 96% of retained surgical patients would not have ovarian cancer, and provide appropriate referral to a gynecologic oncologist for over 95% of patients with ovarian cancer.
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